Hydrophobic chromatography on phenyl-Sepharose has revealed the decidedly hydrophobic character of several members of the group of cytolytic proteins termed 'thiol-activated'. Pneumolysin, alveolysin, cereolysin, and streptolysin 0 were found to be equally hydrophobic, as were the oxidized and reduced forms of alveolysin. Hydrophobic chromatography has been utilized in the development of an improved procedure for the purification of pneumolysin.
The thiol-activated ('sulphydryl-dependent') cytolysins comprise a group of related proteins produced by Gram-positive bacteria. All these agents are active only in the reduced state, show cross-neutralization and are inhibited by small quantities of cholesterol (Smyth & Duncan, 1978) . They lyse only cells with cholesterol-containing membranes, and cholesterol appears to be the lysin receptor (Johnson et al., 1980) . Their ability to interact with membranes suggests that these proteins might be expected to have some hydrophobic character. We have studied four members of-the group (alveolysin, cereolysin, streptolysin 0 and pneumolysin) in order to evaluate and compare their hydrophobicity and to determine whether oxidation of the lysin results in a modification of the hydrophobic character.
Experimental
Streptococcus pneumoniae (R36A, from the A.T.C.C.) was grown in peptone medium and harvested as described previously (Johnson, 1977) . Cell suspensions were stored at -400C. Cells autolysed upon thawing, and disruption was completed by three 5 s sonications (Sonifier Cell Disrupter), followed by centrifugation at 1200Og for 1h. The crude extract was 58% saturated with (NH4)2SO4 in an ice bath and stirred for 30 min. The precipitate was collected by centrifugation, dissolved in the smallest possible volume of 0.02M-NaCl in 0.01 M-sodium phosphate buffer, pH 7.0 (starting buffer) and dialysed for 2h against the same buffer. For preparation of the other thiol-activated lysins, the same medium was employed, utilizing a 2% (v/v) The haemolysin levels were measured and calculated in haemolytic units as described previously (Johnson, 1972) , with the exception that buffers used for assay of cereolysin contained 5% (v/v) glycerol in place of 0.1% bovine serum albumin. The haemolysin content of column fractions was determined more simply by adding 10-20,ul of the fraction to 0.5 ml of assay buffer, followed by the addition of 0.5 ml of a 1.25% (v/v) (Johnson, 1972) .
Results
Chromatography of the (NH4)2SO4-precipitated fraction of B. alvei culture supernatant fluid on phenyl-Sepharose revealed (Fig. 1 ) that very little of the protein was adsorbed under the conditions utilized. Alveolysin, however, was strongly adsorbed and was eluted (with a recovery of about 40%) only when deionized water was employed as eluent. The fractions were analysed before and after reduction to determine whether lysin in the oxidized state (the activity of which could be observed only after reduction) would be eluted under the same conditions as the spontaneously reduced alveolysin. Fig.  1 shows that that was indeed the case, as only a single peak was observed before and after reduction.
Cereolysin [precipitated with Fig. 2 . In this case the lysin is cell-associated; thus fractionation with (NH4)2SO4 was performed on a crude cell extract rather than a culture supernatant fluid, and more protein was applied than was used in the experiments described above. Again, by far the greater part of the protein applied to the column was not adsorbed. Pneumolysin was, in common with the other lysins tested, strongly adsorbed and was eluted only after the application of deionized water. In an attempt to utilize hydrophobic chromatography as a method for purification of pneumolysin, the procedure was scaled up 20-fold. Since, as can be seen in Fig. 2 ter, since they were, unlike most of the proteins in the samples, bound to phenyl-Sepharose at a relatively low ionic strength (0.02M-NaCl in 0.01 Msodium phosphate) and eluted only when deionized water was used as eluent. All of the lysins were eluted at the same point and are thus judged to be of equal hydrophobicity. Since oxidized and reduced alveolysin were eluted at the same point, it seems likely that the hydrophobic character of the molecule is not modified by the reversible oxidative reaction which does, however, prevent fixation of lysin to target cells (Smyth & Duncan, 1978) . Recovery of pneumolysin from the phenylSepharose was sufficiently good that it was successfully utilized for purification of this protein (Table 1) , in a procedure that is simpler and more efficient than that we have used prevously (Johnson et al., 1980) . The reason for the poor recovery of streptolysin 0 was not clear, although lysin destruction by proteinase action was shown to be unlikely. It is possible that there was heterogeneity in the streptolysin 0 molecules [as has been previously reported (Smyth & Duncan, 1978 )1 and that a major fraction was not eluted under the conditions used.
